Purpose To report the clinical features of the eye of young patients with an idiopathic macular epiretinal membrane (ERM), and the visual outcomes after the surgical removal of the ERM. Methods A retrospective review of the medical records of eight young patients (age, 23-39 years; mean, 32.5 years) with an idiopathic macular ERM was performed. The patients underwent vitrectomy and removal of the ERM with peeling of the internal limiting membrane (ILM). The pre-and postoperative visual acuity and intra-and postoperative complications were investigated. Results Ophthalmoscopically, the ERMs in seven eyes were white, opaque, and dense, while one was grayish-white and less dense. A posterior vitreous detachment was not present and the ERM adhered strongly to the underlying retina in all eight eyes. The mean best-corrected visual acuity (BCVA) preoperatively was 20/140 (Snellen; range: 20/250-20/63), and the BCVA improved significantly to 20/30 (range: 20/40-20/20) postoperatively with an average follow-up of 14.6 months (range: 6-42 months; Wilcoxon sign-rank test, Po0.001). An improvement of 47 lines was observed in seven of eight eyes. A recurrence of an ERM without involving the macula was detected in one eye (12.5%). Conclusions The clinical features of the ERMs in young patients are different from those in elderly patients, eg, thicker, more adherent to the retina, and still attached to the vitreous. Vitrectomy and removal of ERM with ILM peeling are effective and safe surgical procedures. Removal of the ILM may minimize the recurrence of an ERM.
Introduction
A macular epiretinal membrane (ERM) is a non-vascular fibrocellular proliferation that develops on the surface of the internal limiting membrane (ILM) resulting in retinal wrinkling and distortion. An ERM is usually idiopathic and is found predominantly in patients over 50 years of age. 1 It can lead to different degrees of visual disturbances, and vitrectomy with the removal of the ERM has become the established surgical procedure for the treatment of an ERM in elderly patients. [2] [3] [4] As opposed to elderly patients, an idiopathic ERM is very rare in young patients, but when it does occur, it can lead to significant visual disturbances. In young patients, a nonprogressive course and spontaneous separation of the macular idiopathic ERM from the retina have been described with good visual recovery. Therefore, a conservative approach has been suggested for eyes with an ERM, and only observation was advocated in some cases. [5] [6] [7] [8] [9] [10] Other studies have found that the visual acuity (VA) improved after vitrectomy, and vitrectomy with the removal of the ERM has been recommended in eyes whose vision was significantly reduced by the ERM. However, a high recurrence of ERM was also observed. [11] [12] [13] [14] Because of these contradictory recommendations, more studies are necessary to determine the optimal management of young patients with a macular idiopathic ERM.
The benefits of ILM peeling have been reported for macular hole closures, and the prevention of recurrent postoperative formation of an ERM. [15] [16] The incidence of ERM recurrences were significantly lower in elderly ERM patients undergoing ILM peeling compared with those without ILM peeling. [17] [18] [19] The purpose of this study was to determine the clinical features and surgical outcomes following the removal of an idiopathic macular ERM in young patients who underwent vitrectomy with ILM peeling for ERM removal.
Methods
The medical records of eight eyes of eight consecutive patients with severe reduction of VA and metamorphopsia because of an idiopathic ERM were studied. The Ethics Committee of the School of Medicine, Zhejiang University, approved the procedures used in this study and the procedures were conformed to the Tenets of the Declaration of Helsinki.
The patients were less than 40 years of age and were examined between 2002 and 2005. They had completed preoperative and postoperative ocular examinations including measurement of the best-corrected visual acuity (BCVA) with a standard Snellen chart, slit-lamp examination of the anterior segment, þ 90 D lens-aided fundus biomicroscopy, colour fundus photography, and fluorescein angiography. No ocular trauma or disease was detected in any eye.
The preoperative appearance of the ERM and condition of the posterior vitreous were determined by fundus biomicroscopy. A complete posterior vitreous detachment (PVD) was considered to be present if a Weiss ring was detected.
Surgical techniques
All patients consented to surgery after a discussion of the risks and benefits. The surgical technique consisted of a standard three-port pars plana vitrectomy using 20-gauge instruments. After core vitrectomy, the posterior hyaloid was detached around the optic nerve head by active aspiration with a vitrectomy probe. Then a sharp vitreoretinal pick or bent microvitreoretinal blade was used to pick-up an edge of the epiretinal membrane, which was then grasped with the intraocular forceps, separated from the underlying retina, and removed from the eye.
To prepare the indocyanine green (ICG) solution, 25 mg of commercially available ICG powder was dissolved in 5 ml of the package solvent. Then 1 ml of this solution was diluted with 5 ml of buffered saline solution (BSS) to a final concentration of 0.1%. After the removal of the ERM, 0.2-0.4 ml of the 0.1% ICG solution was injected into the vitreous over the macular area. After 1 min, the dye was washed out, and 3 to 4 disc diameters of the ILM centred on the fovea was peeled off. At the end of surgery, the peripheral retina was examined with scleral depression to search for retinal tears and dialysis.
Patients were examined preoperatively and at 1 day, 1 week, 2 weeks, 1 month, and 2 months after surgery, and at different times thereafter. The follow-up examinations included: BCVA, slit-lamp examination of the anterior segment, intraocular pressure measurements, þ 90 D lens-aided fundus biomicroscopy, colour fundus photography, and fluorescein angiography. The Snellen BCVA was converted into the logarithm of the minimum angle of resolution (logMAR) for statistical analyses. The Wilcoxon sign-rank test was used to compare a patient's preoperative and postoperative BCVA.
Results

Clinical features
The eight patients were made up of six men and two women whose mean age was 32.5 years with a range from 23 to 39 years. The ocular findings for the eight subjects are summarized in Table 1 . The most common complaint was the reduction of VA and metamorphopsia, Surgical outcome of idiopathic macular ERM in young patients X Fang et al and the symptoms in the involved eyes lasted from 3 to 5 months (mean, 4 months). The postoperative follow-up period ranged from 6 to 42 months (mean, 14.6 months). Lens-aided fundus biomicroscopy showed that the ERM appeared as a white, thick, opaque, and dense membrane. The retinal vessels near the ERM were very tortuous, and the retina had radiating folds that obscured the appearance of the underlying retina in seven eyes (Figure 1a ). In the remaining eye, the ERM was grayish-white, and the retina was semi-transparent with fine tortuous blood vessels and radiating folds over the macula (Figure 2a) . Fluorescein angiography demonstrated late hyperfluorescence in four eyes. A posterior vitreous detachment was not observed in any of the eyes on the initial examination, and was created in each of the eyes at the time of surgery.
The ERM was strongly adherent to the underlying retina, however a complete removal of the ERM was possible in all eight eyes. The ILM could be easily identified after the ICG staining and peeled in all eight eyes. Local ILM defects were noted near to the centre of the ILM peeled area in three eyes indicating that segments of the ILM had been removed together with the ERM during the removal of the ERM.
The fellow eye in each of the eight patients was normal.
Visual acuities
The In one eye (12.5%), a recurrent ERM was detected at the 3-month follow-up examination. It was located at the temporal peeled-edge of the ILM, and this case is only followed as the ERM did not alter the VA and only a slight metamorphosia was reported (Figures 2b and c) . No recurrence of a macular ERM was seen in any of the other eyes (Figure 1b) .
No postoperative retinal detachment, persistent increase in intraocular pressure, or increase in cataract formation was noted in any of the operated eyes during the follow-up period.
Discussion
A spontaneous separation of a macular idiopathic ERM from retina with visual recovery has been described in some cases, but in most of the young patients with a vision-altering ERM, the vision decreases progressively. Thus, these patients are quite eager to undergo the surgical intervention. Banach et al 11 reported that 10 of 13 eyes (77%) of young patients with an ERM and initial VA o20/50 had a mean visual improvement of 3.7 lines with a recurrence rate of 23% after ERM peeling with a mean follow-up of 22.5 months. Smiddy et al 12 performed vitrectomy membrane peeling on 11 young patients with an ERM, and reported a mean visual improvement of 3.7 lines with a recurrence rate of 36% after a mean follow-up of 33.4 months. Benhamou et al 14 reported on the surgical outcomes of 13 idiopathic macular ERM cases with preoperative VA of 20/100, and stated that the mean improvement of the VA was 3.3 lines with a recurrence rate of 25%. In our study, the mean improvement of vision was 7.6 lines, and seven of eight eyes had an improvement of 47 lines and a recurrence rate of 12.5%. These results demonstrate that the BCVA can be significantly improved after surgery in eyes of young patients with visually significant ERM.
Comparing our results to those reported for young ERM patients, no modifications of the surgical procedures were made except for the intentional ILM peeling in our study. Although Smiddy et al 12, 13 observed some fragments of the ILM on the surgically removed ERM, they did not intentionally peel the ILM during the surgery. Banach and Benhamou et al 11,14 also did not intentionally peel the ILM during the surgery. The removal of the ILM during macular surgery in elderly patients is generally done to enhance the surgical outcome. 15, 16, 20 Removal of the ILM was expected to reduce the recurrence rates by limiting the myofibroblasts proliferation, consequently minimizing the development of a recurrent ERM. Researches have also demonstrated that the surgical outcome is better and ERM recurrence is significantly lower in elderly ERM patients undergoing ILM peeling compared with those without ILM peeling. [17] [18] [19] The effect of intentional ILM peeling during ERM surgery in young patients has not been reported. In our cases, the improvement of postoperative BCVA is better than those in the earlier reports. An ERM developed at the temporal edge of the peeled ILM 3 months postoperatively in one patient, however the macular area was not involved. Kwok et al 18 also described the development of an ERM at the edge of the peeled ILM in elderly ERM patients. Although we cannot state definitively that ILM removal reduces the recurrence rates due to the small number of cases and the absence of a control group, the lower recurrence rate of macular ERM in the eyes of our study suggests that ILM peeling may be beneficial in young patients.
The efficacy of ICG to stain and assist in visualization of ILM and increases the ease of peeling the ILM, which make ILM peeling procedure safer and faster in macular surgery, is well known. However, adverse effects of ICG -assisted ILM peeling in macular surgery, for example, peripheral visual field defect, RPE atrophy, and optic nerve atrophy, have been subsequently reported. [21] [22] [23] [24] Thus, the use of ICG during the macular surgery is still controversial. Some modified techniques for safer ICG-assisted peeling of the internal limiting membrane during vitrectomy and safer intraocular dyes have been reported. 25, 26 Nevertheless, ICG is still commonly used in macular surgery. However, it is generally considered that the lowest effective concentration of ICG should be used in order to decrease the potential risk of its toxicity.
In contrast to the thin, cellophane-or sheet-like appearance of a typical macular pucker in elderly patients, seven of eight eyes in our series had thick, opaque, and dense ERM, and they were attached to the posterior vitreous hyaloid. In addition, the ERMs were adherent firmly to the underlying retina at the time of operation. This characteristic of the ERM in our young patients is consistent with the previous reports. [8] [9] [10] [11] [12] [13] [14] Although the aetiology and pathophysiological mechanism controlling the development of an idiopathic ERM remains speculative, histological studies on surgically obtained ERMs have shown proliferation of cells derived mainly from retinal glial or retinal pigment epithelial cells. Smiddy et al 12, 13 studied surgicallyexcised idiopathic macular ERM, and found that myofibroblasts, myoblastic differentiated retinal pigment epithelial cells, and fibrous astrocytes, and new collagen formation were more commonly found in the ERMs of young patients than those of elderly patients. This would indicate a more rapidly changing, contractile tissue in young patients compared with the usually more quiescent features in elderly patients.
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The association of a PVD with the formation of an ERM in elderly patients has been described. 1, 27, 28 The tractional forces of a PVD may induce focal disruptions in the ILM which would allow retinal glial or retinal pigment epithelial cells to gain access to the ILM and proliferate along the retinal surface. 10, 11 Fifteen percent of young patients with an ERM have a PVD; 11,14 whereas Smiddy et al 12 reported all of their young patients with an ERM had a PVD. The difficulty in visually confirming a PVD due to variations in the appearance of a PVD may account for the discrepancy. 29 In our series, a PVD was not noted by lens-aided biomicroscopy on the preoperative examination in any of eyes, and this was confirmed intraoperatively.
The mechanism for an ERM development in eyes without a PVD has not been determined. A small congenital defect in the ILM was postulated to allow the entry of retinal pigment epithelial cells and retinal glial cells into the vitreous cavity.
One of the most common complications after vitrectomy is the development and progression of a cataract. We observed that the lens was transparent throughout the follow-up period in all of the eyes in our series. Our results are consistent with previous reports concerning vitrectomy in young patients. 11, 14 The effect of the age of the patient and the use of intraocular gas in cataract progression after vitrectomy are well known. The rate of nuclear sclerotic cataracts in patients more than 50 years of age is approximately sixfold greater than in patients less than 50 years of age. 30 Intravitreal gas bubbles are associated with the increase in nuclear sclerosis to approximately 60% compared with the eyes without the use of a gas bubble. The age of our young patients and the nonuse of a gas-tamponade postoperatively may account for the absence of cataract formation. In addition, the shorter follow-up in the present study may also be the cause of low rate of cataract because the rate of cataract formation has been shown to increase over time after vitrectomy. 31 A longer follow-up is needed to determine whether cataracts develop after the vitrectomy surgery in young patients.
In conclusion, our results have shown that ERMs in young patients are different from those of adults by being thicker, more adherent to the retina, and still attached to the vitreous. Vitrectomy and removal of ERM with ILM peeling are effective and safe surgical procedures. Removal of the ILM may minimize the recurrence of an ERM.
